Erythroleukemia was considered an acute myeloid leukemia in the 2008 World Health Organization (WHO) classification and is defined by the presence of ≥ 50% bone marrow erythroblasts, having o20% bone marrow blasts from total nucleated cells but ≥ 20% bone marrow myeloblasts from nonerythroid cells. Erythroleukemia shares clinicopathologic features with myelodysplastic syndromes, especially with erythroid-predominant myelodysplastic syndromes (≥50% bone marrow erythroblasts). The upcoming WHO revision proposes to eliminate the nonerythroid blast cell count rule and to move erythroleukemia patients into the appropriate myelodysplastic syndrome category on the basis of the absolute blast cell count. We conducted a retrospective study of patients with de novo erythroleukemia and compared their clinico-biological features and outcome with those of de novo myelodysplastic syndromes, focusing on erythroid-predominant myelodysplastic syndromes. Median overall survival of 405 erythroid-predominant myelodysplastic syndromes without excess blasts was significantly longer than that observed in 57 erythroid-predominant refractory anemias with excess blasts-1 and in 59 erythroleukemias, but no significant difference was observed between erythroid-predominant refractory anemias with excess blasts-1 and erythroleukemias. In this subset of patients with ≥ 50% bone marrow erythroblasts and excess blasts, the presence of a high-risk karyotype defined by the International Prognostic Scoring System or by the Revised International Prognostic Scoring System was the main prognostic factor. In the
same way, the survival of 459 refractory anemias with excess blasts-2, independently of having ≥ 20% bone marrow blasts from nonerythroid cells or not, was almost identical to the observed in 59 erythroleukemias. Interestingly, 11 low-blast count erythroleukemias with 5 to o10% bone marrow blasts from total nucleated cells showed similar survival than the rest of erythroleukemias. Our data suggest that de novo erythroleukemia is in the spectrum of myelodysplastic syndromes with excess blasts and support its inclusion into future classifications of myelodysplastic syndromes. Acute erythroid leukemias are characterized by a predominant erythroid population and represent less than 5% of cases of adult acute myeloid leukemias. The 2008 World Health Organization (WHO) recognizes two subtypes of acute erythroid leukemia based on the presence or absence of a significant myeloblastic component: erythroleukemia and pure erythroid leukemia. Erythroleukemia (erythroid/myeloid) is defined by the presence of equal or greater than 50% erythroid precursors in bone marrow and equal or greater than 20% myeloblasts in nonerythroid cells. Pure erythroid leukemia represents a neoplastic proliferation of erythroid precursors (equal or greater than 80% of bone marrow cells) with no evidence of a significant myeloblastic component. 1, 2 Erythroleukemia shares clinicopathologic features with myelodysplastic syndromes: multilineage dysplasia is common, presents a high rate of myelodysplastic syndrome-like cytogenetic abnormalities and shows a mutation profile that is closer to myelodysplastic syndromes than to de novo acute myeloid leukemia. [3] [4] [5] [6] [7] [8] [9] [10] Those cases with equal or greater than 50% bone marrow erythroblasts but not fulfilling criteria for erythroleukemia due to a percentage of bone marrow myeloblasts lower than 20% from nonerythroid cells, are considered erythroidpredominant myelodysplastic syndromes and, following current WHO recommendation, their bone marrow blast percentage must be considered from total bone marrow nucleated cells. 2, [11] [12] [13] Possible diagnoses when erythroid precursors are equal or greater than 50% of bone marrow nucleated cells are summarized in Supplementary Table S1 .
Interestingly, as a flaw of current WHO recommendation, refractory anemia with excess blasts-2 diagnosis is extremely rare in myelodysplastic syndromes with erythroid predominance, as patients with the minimum percentage of bone marrow blasts to meet diagnosis criteria for refractory anemia with excess blasts-2 (equal or greater than 10% of bone marrow blasts from total nucleated cells) having ≥ 50% bone marrow erythroblasts would present always at least 20% bone marrow blasts from nonerythroid cells, fulfilling erythroleukemia criteria. Therefore, refractory anemia with excess blasts-1 is almost invariably the highest WHO risk category applicable in this subset of patients. The uncommon situation where refractory anemia with excess blasts-2 diagnosis could be established in erythroid-predominant myelodysplastic syndromes are those cases with less than 10% bone marrow blasts from total nucleated cells but with 5% to less than 20% blasts in peripheral blood or when Auer rods are present. Hence, erythroleukemia would really represent the next-highest risk category of erythroidpredominant refractory anemia with excess blasts-1 if the former were considered a specific subtype of erythroid-predominant myelodysplastic syndrome. However, there are no data in the literature about a specific comparison between these two entities.
Few studies have compared clinical features and outcome of de novo erythroleukemia with those observed in erythroid-rich myelodysplastic syndromes. Furthermore, most of them also collected cases of therapy-related myeloid neoplasms and secondary erythroleukemias. 6, [8] [9] [10] A revision of the fourth edition of WHO Classification of myelodysplastic syndromes, originally published in 2008, is expected this year. As mentioned in a recent publication by Arber et al 14, 15 that summarizes major changes in the upcoming WHO classification, the nonerythroid blast cell count rule will be eliminated and those patients that fulfilled erythroleukemia criteria will be considered myelodysplastic syndromes and will be moved into the appropriate myelodysplastic syndrome category based on the absolute blast cell count. For all the above, an extensive comparison between de novo erythroleukemia and myelodysplastic syndromes, especially myelodysplastic syndromes with erythroid predominance, seems crucial to elucidate whether these entities should really be considered as a continuum instead of two different biological entities.
Materials and methods

Patients
From 1972 to 2015, we retrospectively collected clinical and laboratory data of 3687 de novo myelodysplastic syndromes included in the Spanish Registry of Myelodysplastic Syndromes, 462 of whom were erythroid-predominant myelodysplastic syndromes (42 refractory cytopenias with unilineage dysplasia, 139 refractory anemias with ring sideroblasts, 200 refractory cytopenias with multilineage dysplasia, 12 myelodysplastic syndromes with isolated del(5q), 12 myelodysplastic syndromes-unclassified, and 57 refractory anemias with excess blasts-1). We could not establish refractory anemia with excess blasts-2 diagnosis in any erythroid-predominant myelodysplastic syndrome of our series. Moreover, 59 de novo erythroleukemias were collected in the same period. A typical case of erythroleukemia displaying a complex karyotype is shown in Figure 1 . Morphology, laboratory characteristics, cytogenetics, and clinical follow-up were available for all the patients. Diagnosis of myelodysplastic syndromes and erythroleukemia was made according to the 2008 WHO classification proposals. 2 Those patients diagnosed initially by French-American-British classification criteria, [16] [17] [18] [19] were reclassified according to the WHO proposals, based on morphological, laboratory, and cytogenetic data. Information about percentage of bone marrow blasts from total nucleated cells and bone marrow erythroblasts was available in all 3687 de novo myelodysplastic syndrome patients. Further, the bone marrow blast percentage from nonerythroid cells was calculated as follows: [% bone marrow blasts from total nucleated cells/(100 − % bone marrow erythroblasts)] × 100. Distribution of patients among WHO categories is depicted in Supplementary Table  S2 . Patients diagnosed with secondary myelodysplastic syndrome (therapy-related myeloid neoplasm) or secondary erythroleukemia (therapy-related or evolved from primary myelodysplastic syndrome), pure erythroid leukemia, chronic myelomonocytic leukemia, and unclassified myelodysplastic/myeloproliferative neoplasms were excluded from the present study. The study was conducted fulfilling the biomedical research guidelines of Declaration of Helsinki.
Morphological Studies
At least, two bone marrow and one peripheral blood May-Grünwald-Giemsa-stained smears were used for conducting the morphologic analysis at the individual centers. In addition, a Prussian blue-stained bone marrow smear was used for assessing the percentage of ring sideroblasts. The WHO 2008 proposals for evaluating the morphological diagnosis of myelodysplastic syndrome and erythroleukemia were followed strictly. 2 As recommended, peripheral blood and bone marrow differential counts were performed on at least 200 and 500 cells, respectively. Bone marrow blast counts were assessed from total bone marrow nucleated cells. Following the 2008 WHO recommendations, the threshold used for considering a myeloid cell line as dysplastic was the presence of ≥ 10% abnormal cells in the corresponding myeloid lineage. For the evaluation of dysplasia, at least 200 neutrophils, 200 erythroblasts, and 30 megakaryocytes were assessed in bone marrow. Multilineage dysplasia was defined by dysplasia involving two or more lineages. As currently recommended by the Spanish Guidelines for the diagnosis and treatment of myelodysplastic syndromes and chronic myelomonocytic leukemia, 20 bone marrow biopsy was conducted only in those cases where fibrosis, hypoplastic myelodysplastic syndromes, or idiophatic cytopenias of undetermined significance were suspected. 
Conventional Cytogenetic Studies
Cytogenetic analyses were performed on G-banded chromosomes obtained from 24 h unstimulated bone marrow cultures at the individual centers. When possible, at least 20 metaphases per sample were studied. Karyotypes were described according to the International System for Human Cytogenetic Nomenclature. 21 
Statistical Analysis
Statistical analyses were performed using the statistical package for the social sciences software version 22.0 (SPSS, Chicago, IL, USA). Categorical variables were described by frequencies and percentages; and continuous variables by medians and ranges. The assumption of normality was assessed by using the Shapiro-Wilk test. For categorical data, comparisons of proportions were evaluated by Chi-square test. For continuous variables, comparisons of medians, ranks and means were assessed by nonparametric (Mood's median or Mann-Whitney U-tests) or parametric tests (t-test) as appropriate according to the distribution of the studied variables. Mood's median test was selected instead of Mann-Whitney U-test, as a more robust method to compare those variables showing outlier values. Survival curves were constructed by Kaplan-Meier method using the interval from the date of diagnosis to the date of last contact or death (overall survival) and compared using the log-rank test. Patients undergoing hematopoietic allogeneic stem cell transplantation or intensive acute myeloid leukemia-type chemotherapy were censored at the date of starting chemotherapy or the date of transplant, whichever came first, except when the prognostic impact of allogeneic stem cell transplantation was assessed. Differences were considered statistically significant when P-values were o0.05 in a twotailed test. Multivariable analysis was performed using Cox's proportional hazards regression model to assess the independent prognostic impact of variables that showed significance in the univariable overall survival analysis. The assumption of proportional hazards over time was tested for all explanatory covariates by using a time-dependent covariate.
Results
Clinical follow-up data were available for all the patients. The estimated median follow-up in the overall series, as calculated by the reverse KaplanMeier method was 42 months, 44 months, and 42 months for myelodysplastic syndromes with or without erythroid predominance, respectively. At the last follow-up, 1642 of 3687 patients (44.5%) had died. The estimated median follow-up for de novo erythroleukemia patients, as calculated by the reverse Kaplan-Meier method was 30 months. At the last follow-up, 43 of 59 patients (72.9%) had died.
Erythroid-Predominant Refractory Anemia with Excess Blasts-1 and De novo Erythroleukemia Share Clinico-Biological Features and Outcome
Refractory anemia with excess blasts-1 was the highest WHO risk category applicable in erythroidpredominant myelodysplastic syndromes of our series, since patients with erythroid-predominant myelodysplastic syndrome with equal or greater than 10% bone marrow blasts from total nucleated cells, which would be classified as refractory anemia with excess blasts-2 if bone marrow erythroblasts were less than 50%, fulfilled erythroleukemia criteria. Thus, we wanted to compare clinical features, cytogenetics, and outcome of erythroid-predominant refractory anemia with excess blasts-1 with those of erythroleukemia, as this would represent the next-highest risk category if this were considered a specific subtype of myelodysplastic syndrome. Comparison of the main clinico-biological features between 59 de novo erythroleukemias and 57 erythroid-predominant refractory anemias with excess blasts-1 is depicted in Table 1 . Interestingly, no significant differences were observed according to age, sex distribution, hemoglobin levels, neutrophil count, median percentage of bone marrow erythroblasts, median percentage of dysplasia of the different myeloid series, and the International Prognostic Scoring System 22 or Revised International Prognostic Scoring System 23 cytogenetic risk category distribution. Moreover, no significant differences were observed in the percentage of highrisk karyotypes defined by the International Prognostic Scoring System or by the Revised International Prognostic Scoring System (poor and very poor categories) between erythroid-predominant refractory anemia with excess blasts-1 and erythroleukemia (International Prognostic Scoring System, 28 vs 19%, P = 0.230; Revised International Prognostic Scoring System, 28 vs 22%, P = 0.453). Very few differences were observed: platelet count was significantly inferior in erythroleukemia and, as expected due to current definition of these entities, bone marrow blast percentage considered from total nucleated cells or from nonerythroid cells was significantly inferior in erythroid-predominant refractory anemia with excess blasts-1. No significant difference was observed between erythroleukemia and erythroid-predominant refractory anemia with excess blasts-1 in the proportion of patients receiving acute myeloid leukemia-type chemotherapy (18.6 vs 12.3%, P = 0.344), allogeneic stem cell transplantation (18.6 vs 8.8%, P = 0.123) or at least one of them (27.1 vs 17.5%, P = 0.216). Azacitidine was approved in Spain in January 2009 for the treatment of higher-risk myelodysplastic syndromes and acute myeloid leukemia with 20-30% bone marrow blasts from total nucleated cells (previously considered refractory anemia with excess blasts in transformation). Although azacitidine is not currently approved for the treatment of erythroleukemia, its use is widely extended in this elderly group of patients usually unfit to receive common acute myeloid leukemia-type treatments or not eligible for allogeneic stem cell transplantation. On assessing the patients diagnosed from 2009 onward, a higher trend was observed in the proportion of erythroleukemias receiving azacitidine compared with erythroid-predominant refractory anemias with excess blasts-1, although no significant difference was detected (53.3 vs 29.2%, P = 0.074).
Although overall survival of 405 erythroidpredominant myelodysplastic syndromes without excess of blasts (o5% bone marrow blasts from total nucleated cells) was significantly longer than that observed in 57 erythroid-predominant refractory anemias with excess blasts-1 (5 to o10% bone marrow blasts from total nucleated cells) and in 59 de novo erythroleukemias (10 to o20% bone marrow blasts from total nucleated cells) (median overall survival, 71 vs 20 months, Po0.001; median overall survival, 71 vs 13 months, Po0.001; respectively), no significant difference in the overall survival was observed between 57 erythroid-predominant refractory anemias with excess blasts-1 and 59 de novo erythroleukemias (median overall survival, 20 vs 13 months; P = 0.33; Figure 2 ). Interestingly, erythroid-predominant refractory anemia with excess blasts-1 patients showed a significant shorter overall survival than 489 refractory anemia with excess blasts-1 with less than 50% bone marrow erythroblasts (median overall survival, 20 vs 34 months; P = 0.042; Supplementary Figure S1 ). This could be explained, at least in part, by the difference in the median percentage of bone marrow blasts calculated from nonerythroid cells. Although the median percentage of bone marrow blasts from total nucleated cells was higher in refractory anemia with excess blasts-1 with less than 50% bone marrow erythroblasts than in erythroid-predominant refractory anemia with excess blasts-1 (6.8 vs 6%, P = 0.044), erythroid-predominant refractory anemia with excess blasts-1 displayed a significant higher median percentage of bone marrow blasts from nonerythroid cells (15 vs 9.38%, Po0.001). In the same way, erythroleukemia patients showed a significant shorter overall survival than 489 refractory anemia with excess blasts-1 with less than 50% bone marrow erythroblasts (median overall survival, 13 vs 34 months; P = 0.001).
Changes in the different standards applied to diagnosis and management of patients over time could exercise an influence on the survival analysis, especially on series collected during long time. To assess this potential bias in our study, we divided our series in three time periods: 1972 to o 2000, 2000 to o 2009, and 2009 to present. These thresholds were selected attending to the increased indication of allogeneic stem cell transplantation in Erythroleukemia is in the spectrum of myelodysplastic syndromes X Calvo et al the 2000 to o2009 era and the use of azacitidine as a standard of care in Spain for higher-risk myelodysplastic syndromes since 2009. No significant difference was observed in the proportion of patients diagnosed with de novo erythroleukemia or with erythroid-predominant refractory anemia with excess blasts-1 in each one of these periods (15.3% of erythroleukemias vs 19.3% of erythroidpredominant refractory anemias with excess blasts-1 in the first period, 33.9% of erythroleukemias vs 38.6% of erythroid-predominant refractory anemias with excess blasts-1 in the second period, 50.8% of erythroleukemias vs 42.1% of erythroid-predominant refractory anemias with excess blasts-1 in the third period; P = 0.629).
The low incidence of these diseases makes difficult to perform studies with larger series. Nevertheless, our findings evidence that de novo erythroleukemia shares clinico-biological features and outcome with erythroid-predominant refractory anemia with excess blasts-1.
Then, we assessed International Prognostic Scoring System and Revised International Prognostic Scoring System cytogenetic risk classification in the subset of 116 patients with erythroid predominance and excess of blasts (erythroleukemia and erythroidpredominant refractory anemia with excess blasts-1). The presence of a high-risk karyotype according to both, International Prognostic Scoring System and Revised International Prognostic Scoring System, was capable to discriminate two risk groups with significant different overall survival (median overall survival, 20 vs 10 months, P = 0.001; median overall survival, 20 vs 10 months, P = 0.001; respectively; Figure 3 ). Moreover, other classical myelodysplastic syndrome prognostic factors were assessed and, surprisingly, only hemoglobin o100 g/l showed an impact (median overall survival, 36 vs 11 months; P = 0.006).
Platelets o100 × 10 9 /l, platelets o50 × 10 9 /l, neutrophils o500/mm 3 , neutrophils o800/mm 3 showed no impact in terms of overall Erythroleukemia is in the spectrum of myelodysplastic syndromes survival. Furthermore, the 10% bone marrow blast cutoff segregates a group of 48 de novo erythroleukemias that showed no significant differences in overall survival compared with the rest of the patients with erythroid predominance and excess of blasts (11 erythroleukemias with less than 10% bone marrow blasts from total nucleated cells and 57 erythroidpredominant refractory anemias with excess blasts-1; median overall survival, 13 vs 18 months; P = 0.61). In the same way, no significant difference in overall survival was observed between the 11 low-blast count erythroleukemias with less than 10% bone marrow blasts from total nucleated cells and the rest of erythroleukemias (median overall survival, 13 vs 13 months, P = 0.518). Moreover, the survival of these low-count erythroleukemias was similar to that observed in all 459 refractory anemia with excess blasts-2 (median overall survival, 13 vs 14 months, P = 0.916).
Afterwards, the prognostic impact of allogeneic stem cell transplantation in this subset of 116 patients with erythroid predominance and excess of blasts was assessed. The 16 patients who underwent an allogeneic stem cell transplantation showed a significant longer overall survival than those who did not (median overall survival, NR vs 17 months; P = 0.017).
Finally, we carried out a multivariable analysis of overall survival by using Cox regression modeling including those variables that showed an impact on overall survival in the univariable survival analysis: age, high-risk International Prognostic Scoring System cytogenetic category, hemoglobin o 100 g/l, and allogeneic stem cell transplantation as a timedependent variable. Only the high-risk International Prognostic Scoring System cytogenetic category retained its prognostic influence on overall survival (Table 2a) . Further, when the Cox regression model was carried out introducing the high-risk Revised International Prognostic Scoring System cytogenetic group (poor and very poor categories) instead of the high-risk International Prognostic Scoring System cytogenetic category, again, only the high-risk Revised International Prognostic Scoring System cytogenetic group retained its independent prognostic influence on overall survival (Table 2b ).
Refractory Anemia with Excess Blasts-2 and De novo Erythroleukemia Showed a Similar Outcome
We compared the outcome of 59 de novo erythroleukemias with that of 459 patients diagnosed with refractory anemia with excess blasts-2 and no significant difference in overall survival was observed (median overall survival, 13 vs 14 months; P = 0.65; Figure 4a ). Then, survival of erythroleukemia and myelodysplastic syndromes with less than 50% bone marrow erythroblasts that, as in erythroleukemia, presented equal or greater than 20% bone marrow blasts from nonerythroid cells was also compared. We detected 175 of 459 refractory anemias with excess blasts-2 (38%) meeting this requirement. These two groups of patients presented a similar overall survival (median overall survival, 13 vs 13 months; P = 0.72; Figure 4b ). This finding underlines the arbitrariness of the established erythroblast cutoff to consider the diagnosis of erythroleukemia and the absence of prognostic impact per se of the erythroid predominance.
Afterwards, a comparison of the main clinicobiological features of de novo erythroleukemia and refractory anemia with excess blasts-2 was carried out and only significant differences in median percentage of bone marrow erythroblasts, median percentage of dysgranulopoiesis, and median percentage of bone marrow blasts from nonerythroid cells were detected. Interestingly, no significant differences were observed according to International Prognostic Scoring System or Revised International Prognostic Scoring System cytogenetic risk category distribution, median percentage of dysplasia of the erythroid and megakaryocytic lineages, median percentage of bone marrow blasts from total nucleated cells, hemoglobin levels, neutrophil count, platelet count, age and sex distribution. All these comparisons are depicted in Table 3 . Once again, these results point out that erythroleukemia is in the spectrum of myelodysplastic syndromes with excess blasts. Finally, no significant difference was observed between erythroleukemia and refractory anemia with excess blasts-2 in the proportion of patients receiving acute myeloid leukemia-type chemotherapy (18.6 vs 17.4%, P = 0.817), but a significant higher percentage of erythroleukemia patients underwent an allogeneic stem cell transplantation (18.6 vs 9.6%, P = 0.034). Interestingly, when assessing patients diagnosed from 2009 onward, no significant difference was detected in the proportion of patients treated with azacitidine (53.3 vs 55%, P = 0.863).
As previously mentioned, to elucidate whether there was a bias on the survival analysis related to differences between groups in diagnosis dates, we compared the proportion of patients diagnosed with erythroleukemia with that diagnosed with refractory anemia with excess blasts-2 in each one of the 
Discussion
Myelodysplastic syndromes and acute myeloid leukemias with equal or greater than 50% erythroblasts in bone marrow represent up to 15% of myelodysplastic syndromes and around 5% of acute myeloid leukemias, respectively. 11 In the present study, the largest series of de novo erythroid-predominant myelodysplastic syndromes reported to date and an extensive group of de novo erythroleukemia defined by the WHO 2008 criteria were compared. Clinical, morphological, cytogenetic and molecular features of erythroleukemia have been described in several retrospective studies but most of those articles also collected cases of therapy-related myeloid neoplasms and secondary erythroleukemias. [6] [7] [8] [9] [10] Classification of myeloid malignances with expanded erythropoiesis is often difficult and requires integration of clinical, morphological, and cytogenetic features. The definition and classification of erythroleukemia have been changed over the years. [1] [2] [16] [17] [18] [19] The 2008 WHO classification recommended to enumerate bone marrow blasts from nonerythroid cells when bone marrow erythroblasts were equal or greater than 50%. In those instances, Figure 4 Overall survival by Kaplan-Meier analysis of (a) 59 de novo erythroleukemias vs 459 refractory anemias with excess blasts-2 (RAEB-2) (median overall survival, 13 vs 14 months; NS) and (b) 59 de novo erythroleukemias vs 175 refractory anemias with excess blasts-2 with equal or greater than 20% bone marrow blasts from nonerythroid cells (NECs) (median overall survival, 13 vs 13 months; NS). Overall survival is indicated in months and was compared with the two-sided log-rank test.
the disorder was classified as erythroleukemia when bone marrow blasts were equal or greater than 20% and as erythroid-predominant myelodysplastic syndrome when lower. In the latter, percentage of blasts must be considered from total nucleated cells. 2 A revision of that classification is expected this year and, as Arber et al mentioned in a recent paper, the elimination of the nonerythroid blast cell count rule will be recommended. Therefore, patients fulfilling erythroleukemia criteria will be now considered myelodysplastic syndromes and will be moved into the appropriate myelodysplastic syndrome category based on the blast cell count from total nucleated cells. Following this recommendation, the majority of patients will be reclassified as myelodysplastic syndromes with excess blasts-2, previously named refractory anemia with excess blasts-2, and a minority of them will be moved to categories with less than 10% bone marrow blasts, mostly myelodysplastic syndromes with excess blasts-1, prior refractory anemia with excess blasts-1. 14, 15 Although in the 2008 WHO classification erythroleukemia was included into acute myeloid leukemias, 2 our results strongly support the future WHO recommendation of considering erythroleukemia as a myelodysplastic syndrome, 14,15 but we have some concerns related to the disappearance of erythroleukemia as an entity. As it has been shown in our study, erythroleukemia usually presents multilineage dysplasia, typical myelodysplastic syndrome cytogenetic aberrations, and an outcome similar to myelodysplastic syndromes with excess blasts. Moreover, recent studies suggest that cases of erythroleukemia have a molecular profile much closer to myelodysplastic syndromes than to acute myeloid leukemia without erythroid predominance. 6, 7, 10 Our results showed that erythroidpredominant refractory anemia with excess blasts-1 presented no significant difference in survival compared with de novo erythroleukemia and in this subset of patients, having erythroid predominance and excess blasts, the presence of a high-risk karyotype defined by the International Prognostic Scoring System or by the Revised International Prognostic Scoring System was the main prognostic factor. Survival of de novo erythroleukemia did not significantly differ from that observed in refractory anemia with excess blasts-2. Moreover, survival of those cases of refractory anemia with excess blasts-2 with, obviously, less than 50% bone marrow erythroblasts that, as in erythroleukemia, had equal or greater than 20% bone marrow blasts from nonerythoid cells was almost identical to de novo erythroleukemia. This finding underlines the arbitrariness of the established erythroblast cutoff to consider the diagnosis of erythroleukemia and the absence of prognostic impact per se of the erythroid predominance. Abbreviations: BM, bone marrow; ; IPSS, International Prognostic Scoring System; IPSS-R, IPSS revised; NECs, nonerythroid cellularity; RAEB-2, refractory anemia with excess of blasts type 2; TNC, total nucleated cells. a No significant differences were observed in the percentage of high-risk karyotypes defined by the IPSS between refractory anemia with excess blasts -2 and erythroleukemia (IPSS, 26.9 vs 19%, P = 0.175). b No significant differences were observed in the percentage of high-risk karyotypes defined by the IPSS-R (poor and very poor) between refractory anemia with excess blasts-2 and erythroleukemia (27.4 vs 22%, P = 0.379). Statistically significance indicated in bold.
The upcoming revision of the WHO classification will consider erythroleukemias with equal or greater than 5% to less than 10% bone marrow blasts from total nucleated cells as myelodysplastic syndromes with excess blasts-1 and those with equal or greater than 10% to less than 20% bone marrow blasts from total nucleated cells as myelodysplastic syndromes with excess blasts-2. 14, 15 In our study, we observed that de novo erythroleukemia patients with less than 10% bone marrow blasts from total nucleated cells (future myelodysplastic syndrome with excess blasts-1) presented a survival similar to patients with equal or greater than 10% to less than 20% bone marrow blasts from total nucleated cells (future myelodysplastic syndrome with excess blasts-2). Moreover, erythroid-predominant refractory anemia with excess blasts-1 showed a significant inferior overall survival than refractory anemia with excess blasts-1 with less than 50% bone marrow erythroblasts. This could be explained, at least in part, by the differences in the median percentage of bone marrow blasts calculated from nonerythroid cells. Although the median percentage of bone marrow blasts from total nucleated cells was higher in refractory anemia with excess blasts-1 with less than 50% bone marrow erythroblasts than in erythroidpredominant refractory anemia with excess blasts-1, the latter showed a significant higher median percentage of bone marrow blasts from nonerythroid cells. This finding highlights the importance of considering the percentage of bone marrow blasts from nonerythroid cells, especially in the subset of erythroid-rich myelodysplastic syndrome patients. 11 For all the above, the new proposal of including erythroleukemia patients with equal or greater than 5% to less than 10% bone marrow blasts from total nucleated cells in the myelodysplastic syndrome with excess blasts-1 category could underestimate the prognostic prediction of this group of low-blast count erythroleukemias. The elimination of the nonerythroid blast cell count rule implies the disappearance of erythroleukemia as an entity. In our opinion, considering de novo erythroleukemia as a 'high-risk' myelodysplastic syndrome subgroup could be a proper approach to avoid the underestimation of those cases with a higher percentage of bone marrow erythroblasts and lower bone marrow blast count from total nucleated cells.
In summary, our data suggest that erythroleukemia is in the spectrum of myelodysplastic syndromes with excess blasts and support its inclusion into future myelodysplastic syndrome classifications rather than in acute myeloid leukemia ones. Classifying these poor outcome patients, usually elderly and unfit to receive common acute myeloid leukemia-type treatments, into myelodysplastic syndrome categories could permit them to benefit from a myelodysplastic syndrome-oriented prognostic assessment and could serve for their inclusion in future myelodysplastic syndrome-specific clinical trials.
